High-quality single crystals of NaYbSe2, which resembles a perfect triangular-lattice antiferromagnet without the intrinsic disorder, are investigated by magnetization and specific-heat, as well as the local probe techniques nuclear magnetic resonance (NMR) and electron spin resonance (ESR). The low-field measurements confirm the absence of any spin freezing or long-range magnetic order down to 50 mK, which suggests a quantum spin liquid ground (QSL) state with gapless excitations. Instability of the QSL state is observed upon applying magnetic fields. For the H⊥c direction, a field-induced magnetic phase transition is observed above 2 T from the Cp(T ) data, agreeing with a clear Ms 3 plateau of M (H), which is associated with an up-up-down (uud) spin arrangement. For the H c direction, a field-induced transition could be evidenced at a much higher field range (9 -21 T). The 23 Na NMR measurements provide microscopic evidence for field-induced ordering for both directions. A reentrant behaviour of TN, originating from the thermal and quantum spin fluctuations, is observed for both directions. The anisotropic exchange interactions J ⊥ 4.7 K and Jz 2.33 K are extracted from the modified bond-dependent XXZ model for the spin-1 2 triangular-lattice antiferromagnet. The absence of magnetic long-range order at zero fields is assigned to the effect of strong bond-frustration, arising from the complex spin-orbit entangled 4f ground state. Finally, we derive the highly anisotropic magnetic phase diagram, which is discussed in comparison with the existing theoretical models for spin-1 2 triangular-lattice antiferromagnets.
triangular-lattice antiferromagnet. The absence of magnetic long-range order at zero fields is assigned to the effect of strong bond-frustration, arising from the complex spin-orbit entangled 4f ground state. Finally, we derive the highly anisotropic magnetic phase diagram, which is discussed in comparison with the existing theoretical models for spin- 1 2 triangular-lattice antiferromagnets.
The search for a quantum spin liquid (QSL) state, a highly entangled state with fractionalized excitations, has been at the forefront of current condensed-matter physics research [1] [2] [3] . Spin-1 2 triangular-lattice antiferromagnets (TLAFs) with antiferromagnetic (AF) nearest-neighbor (NN) interactions are considered as the prime candidate for this search, in which Anderson proposed a QSL ground state more than 40 years ago [4] . Even though, the ground state of the Heisenberg TLAF model is now known to be a 120
• AF ordered state [5, 6] , it can be easily perturbed by different mechanisms. For instance, the presence of a next-NN interaction [7, 8] , anisotropic planar NN exchange interactions [9] , or spatially random exchange interactions (bond-randomness) [10] may suppress the ordering and consequently stabilize the QSL ground states. Experimentally, several QSL candidate materials have since been reported including κ-(BEDT-TTF) 2 Cu 2 (CN) 3 , EtMe 3 Sb[Pd(dmit) 2 ] 2 , and Ba 3 CuSb 2 O 9 [11] [12] [13] [14] [15] [16] [17] .
Rare-earth based frustrated spin systems have recently gained much attention [18, 19] . The strong spin-orbit coupling (SOC) associated with the rare-earth ion leads to highly anisotropic and bond-dependent exchange interactions between the moments and may host strong quantum fluctuations, which can play a crucial role in stabilising the QSL state [20] [21] [22] [23] . YbMgGaO 4 , a 4f based triangular-lattice system, has been investigated rigorously and proposed as a promising QSL candidate [24, 25] . The absence of magnetic ordering down to 48 mK, an anomalous C v ∝ T 2/3 behaviour [24] , and the presence of an excitation continuum [26, 27] are attributed to the QSL state with spinon excitations. On the other hand, the lack of a significant contribution from the magnetic excitations to the thermal conductivity [28] , a persistent excitation continuum even in the high-field polarized phase [27] , and the sizeable broadening of crystal electric field (CEF) excitations [27, 29] question the QSL ground state. The inherent structural disorder, a random distribution of Mg 2+ and Ga 3+ ions present in this system mimic a spinliquid-like state at low temperatures, instead a robust collinear/stripe magnetic order is expected for a disorderfree version of YbMgGaO 4 , theoretically [30] .
On the other hand, theoretical studies propose a fascinating phase diagram for TLAFs in external magnetic fields [31] [32] [33] . Thermal and quantum spin fluctuations can favor different coplanar (an oblique version of the 120
• state, Y phase and 2:1 canted phase) and collinear (up-updown,uud phase) spin configurations. The stabilization of the collinear uud phase results in a Ms 3 plateau (M s is the saturation magnetization) for a finite field range in the magnetization curve [31, 32] [36, 37] .
The family of Yb-dichalcogenide delafossites NaYbCh 2 (Ch = O, S, and Se) has recently been explored as a perfect spin-1 2 TLAF without inherent disorder [38] [39] [40] . Here, the combination of the SOC and the crystal electric field (CEF) leads to a Kramers doublet ground state for the Yb 3+ ion, so that the low temperature properties can be described by an effective spin-1 2 Hamiltonian. The energy gap between the ground state and the first excited doublet was found to be ∆/k B ∼ 200 and ∼400 K for NaYbS 2 [39] and NaYbO 2 [40, 41] , respectively, which suggests an effective spin-1 2 ground state. Experimentally, this is confirmed by specific heat measurements, which reveal a magnetic entropy of Rln (2) per Yb 3+ ion [39, 40] . Zero-field µSR and heat capacity measurements down to 50 mK confirmed the absence of magnetic long-range order (LRO), and suggested a QSL ground state with gapless excitations for NaYbS 2 and NaYbO 2 [39] [40] [41] . Furthermore, an excitation continuum with the spectral weight accumulating around the K-point, which is expected for a QSL state, was observed in neutron studies of polycrystalline NaYbO 2 [41] . In NaYbO 2 , this QSL state is found to be suppressed by the application of external magnetic fields, and a field-induced ordered state was evidenced by magnetization, heat capacity, 23 Na NMR [40] , and neutron diffraction [42] . NaYbCh 2 (Ch = O, S, and Se) provide a unique platform to study the field-induced crossover from an emerging spin-orbit driven QSL at low fields to an isotropic 2D planar spin-1 2 TLAF with particular types of LRO at much higher fields.
It should be mentioned that, in contrast to previous studies on NaYbO 2 [40] [41] [42] , NaYbSe 2 is available in single crystalline form allowing for the determination of anisotropic static and dynamic magnetic properties. Here, we show that the emergent QSL ground state is associated with the quantum fluctuations and strong frustration , arising from the complex bond-dependent exchange interactions. The triangular arrangement of edge-shared YbSe 6 octahedra favors bond-dependent frustration. Each bond can be represented by an individual exchange matrix where the off-diagonal terms are responsible for the strong bond frustration. As these off-diagonal terms are usually small, they can be wiped out upon the application of external fields, converting the system into a more classical anisotropic planar spin- 
EXPERIMENTAL
Single crystals of NaYbSe 2 are synthesized by using NaCl, Yb metal grains, and Se as starting materials. All chemicals are stored and handled in an argon-filled glovebox. For the syntheses of NaYbSe 2 , 825.5 mg (20 mmol, 20 eq.) NaCl (lab stock, dried), 122.2 mg (0.71 mmol, 1 eq) Yb (MaTeck, 99.92%, rod) and 133.9 mg (1.7 mmol, 2.4 eq) Se (lab stock, sublimed) are mixed into a fused silica tube with internal glassy carbon crucible. The tube is evacuated and flame sealed, placed upright in a muffle furnace and heated up to 400
• C with 180 K/h and equilibrated there for 2 hours, before heated to 850
• C with 20 K/h. After one week, the temperature is decreased with 40 K/h to room temperature. After opening at ambient atmosphere, the sample is removed and the alkali halide is rinsed off with water. The NaYbSe 2 crystals are washed several times with water and ethanol and dried in the hood. Polycrystalline samples of NaLuO 2 for comparison were synthesized by a solid-state reaction starting from Na 2 O and Lu 2 O 3 . The mixed powder was ground in a mortar under Ar atmosphere, placed in an alumina crucible and heated up to 800
• C for 12 hours in air. The material was then ground again and washed with distilled water and ethanol to remove the residual Na 2 O. The phase purity of the samples was confirmed by powder x-ray diffraction (XRD) with a Stoe Stadi-P powder diffractometer using Cu-Kα radiation (λ = 1.54056 nm) and a Mythen 1K strip detector in flatsample transmission mode. In the diffraction pattern, all reflections can be assigned to the designated target phases; no reflections of by-products are observed. Due to the thin plate-like shape of the crystals and the respective preferred orientation of the flakes, reflections with major contribution of Miller index l are highly overestimated.
Magnetization measurements were performed with a superconducting quantum interference device (SQUID) magnetometer [magnetic property measurement system (MPMS)] and a vibrating sample magnetometer (VSM). The MPMS with a 3 He insert was used for the low temperature magnetization (down to 500 mK). The angularresolved susceptibility measurements were performed using a commercial horizontal rotator from Quantum Design. Specific-heat measurements were conducted with a commercial PPMS (physical property measurement system, Quantum Design) with a 3 He insert down to 350 mK on NaYbSe 2 single crystals and pressed pellets of NaLuO 2 powder samples. The specific heat down to 50 mK was obtained in a 3 He/ 4 He dilution fridge setup. The magnetization measurements in pulsed magnetic fields up to 35 T were performed at the Dresden High Magnetic Field Laboratory (HLD) with a compensated pickup-coil system in a pulse field magnetometer in a home-build 3 He cryostat.
Electron spin resonance (ESR) experiments were carried out with a standard continuous-wave spectrometer. We measured the power P absorbed by the sample from a transverse magnetic microwave field (X-band, ν = 9.4 GHz) as a function of an external, static magnetic field µ 0 H = B. In order to improve the signal-to-noise ratio, a lock-in technique was used, which yields the derivative of the resonance signal dP/dH. Nuclear magnetic resonance (NMR) measurements were performed using Tec- mag Apollo and Redstone spectrometers with a standard probe and a sweepable superconducting magnet. Field sweep NMR spectra were obtained by the integration of spin echo signals at a fixed frequency. The spectra at low temperatures were constructed from frequency swept Fourier transform sums. Spin-lattice relaxation rates were measured using a standard inversion recovery method, where the nuclear magnetization M (t) was obtained from the recovery of the spin-echo magnitude as a function of the time interval τ between the inversion pulse (π pulse) and the π/2 − π spin-echo sequence.
RESULTS

Crystal structure and magnetic anisotropy:
Single crystals of NaYbSe 2 with lateral crystallite size in the millimeter range were synthesized by flux reactions (see the Supplementary Information [43] ). NaYbSe 2 has a delafossite-type structure with R3m space group (No:166). As shown in Fig. 1(a) , the crystal structure is composed of edge-shared YbSe 6 and NaSe 6 octahedra. The YbSe 6 octahedra are weakly distorted with two large equilateral triangles with edge length l 4.06Å and six small isosceles triangles with two edges of length s 3.7Å and one edge of length l. The distorted octahedra are tilted along the Yb-Yb bond by an angle α = cos −1 (l/ √ 3s) 53.33
• , such that the large triangular faces are perpendicular to the crystallographic c direction. The tilt of the YbSe 6 octahedra in NaYbSe 2 is smaller compared to that in NaYbO 2 (α 47.70
• ) and NaYbS 2 (α 48.60
• ) and the tilting angle α ∼ 54.74
• for an undistorted octahedron. The NaSe 6 octahedra are distorted as well. The shortest Yb-Yb distances are found in the ab plane, forming triangular layers which are well separated by edge-shared NaSe 2 layers. A rhombohedral stacking (ABCA stacking) of magnetic Yb-triangular layers provides additional strong frustration of the interlayer interactions.
Figure 1(c) shows the angle-resolved magnetic susceptibility χ(θ) of a single crystal sample where the crystal was successively rotated from ab plane (θ = 0 degree) to c-direction (θ = ±90 degree). The presence of well defined minima and maxima clearly reveals the existence of a significant easy-plane type anisotropy in NaYbSe 2 . The anisotropy of χ vanishes towards high temperatures. The susceptibility anisotropy of χ ⊥ /χ 1.5 for NaYbSe 2 at T 20 K is smaller than that of NaYbS 2 (∼2) at the same temperature. Usually the anisotropy in χ captures both spin and exchange anisotropy.
Electron spin resonance (ESR) provides direct information about the spin-anisotropy. Figure 1(b) shows the ESR lines at 20 K for the field applied along the ab-plane and c axis. The well resolved and narrow ESR spectra obtained for NaYbSe 2 single crystals indicate the absence of intrinsic structural disorder. This is in contrast to the recently reported Yb-based QSL candidate YbMgGaO 4 , for which the structurally distorted occupancy of Ga and Mg leads to an off-center displacement of Yb 3+ ions, resulting in a distribution of g values with rather broad ESR spectra. Furthermore, the ESR measurements for H ⊥ c [ Fig. 1(b) bottom panel] and H c [ Fig. 1(b) top panel] of NaYbSe 2 yield strongly anisotropic g-values of g ⊥ = 3.13(4) and g = 1.01(1). The g-value anisotropy, which is corresponding to the spin anisotropy, is obtained as g ⊥ /g 3.1, which is significantly smaller than that of NaYbS 2 (g ⊥ /g 5.6) [39, 44] . Due to the lack of neutron scattering data, a first estimate of the energy gap, ∆ between the ground state doublet and the first excited doublet could be obtained from the temperature dependence of the ESR line width, which increases exponentially towards high temperatures due to an Orbach process. The obtained value of ∆/k B ∼ 160±30 K confirms the low temperature pseudospin-1 2 ground state [45] . 
Low field thermodynamics:
Magnetic susceptibility
Figure 2(a) shows the temperature dependence of the magnetic susceptibility of NaYbSe 2 measured for fields applied in the ab plane, χ ⊥ (T ) and along the c axis, χ (T ). At higher temperatures T ≥ 70 K, χ(T ) does not show a significant anisotropy, and can be well described by
where χ dia is a temperature-independent core diamagnetic contribution and χ VV is the van Vleck susceptibility in the limit µ 0 H → 0 neglecting the Curie term,
with the usual meaning of the constants, g j = 8
denotes the partition function of the CEF doublets. The operator J a is the component of the total angular momentum operator in direction of the applied field, the bra and ket vectors denote the CEF eigenstates.
We obtain χ dia + χ VV ≈ 2 × 10 −4 cm 3 /mol, a Weiss temperature Θ CW = −66 K, and an effective moment µ eff = 4.5 µ B , which are in good agreement with the literature [38] . The value of µ eff /µ B is close to the freeion value p = g j j(j + 1) ≈ 4.54 for Yb
2 ). A deviation from the Curie-Weiss (CW) behaviour together with a large anisotropy is observed at low temperatures, indicating the evolution of a ground-state CEF doublet with small exchange couplings. χ ⊥ (T ) and χ (T ) did not show any signatures of magnetic LRO down to 0.5 K. Instead, χ ⊥ (T ) reveals a pronounced broad maximum centered around 2 K, a characteristic feature of strong magnetic short-range correlations associated with the low-dimensionality of the magnetic exchange. For H c, a similar broad maximum is observed at a slightly lower temperature.
Below 70 K, the magnetic properties of NaYbSe 2 are determined by the lowest Kramers doublet and can be described by an effective spin-1 2 model similar to NaYbO 2 and NaYbS 2 [39, 40] . At low temperatures and finite applied magnetic fields, χ(T, H) has a sizeable contribution from the van Vleck susceptibility χ VV (T, H) which arises from the excitations across the Zeeman-split CEF levels. In order to determine the χ VV contribution experimentally, we have measured the isothermal high-field magnetization M (H) at T = 470 mK for both the directions. As seen in Fig. 2(d Figure 3(a) shows the zero-field specific heat C p (T ) of NaYbSe 2 along with that of the non-magnetic reference NaLuO 2 . First, it is evident that there is no magnetic LRO down to 50 mK in NaYbSe 2 , which indeed points to a possible QSL ground state, similar to NaYbO 2 and NaYbS 2 [39, 40] . Second, we observed a superposition of two broad maxima at low temperatures, T l ≈ 1.1 K and T h ≈ 2.75 K. The zero-field C p (T ) of NaYbSe 2 contains several contributions and can be written as C p (T ) = C nuc (T ) + C mag (T ) + C latt (T ). A sharp upturn towards low temperatures [43] results from the high-temperature tail of a Schottky-type nuclear contribution C nuc (T ) = α/T 2 . The magnetic contribution C mag (T ) to the specific heat is obtained by correcting for the nuclear contribution C nuc (T ) and subtracting the lattice contribution C latt (T ), which is estimated from the specific heat of the isostructural reference compound NaLuO 2 after correcting for the mass difference. Towards low temperatures, C mag shows a nearly linear temperature dependence with a coefficient γ 1 J/mol K 2 [43] , which clearly evidences a gapless QSL ground state. The calculated magnetic entropy S mag (T ) =
Specific heat
is plotted in the inset of Fig. 3(a) . At T ≈ 15 K, it reaches R ln 2, as expected for an effective spin-1 2 state.
Field-induced effects:
Magnetization studies
The isothermal magnetization [ Fig. 2(b) ] measured at T = 0.47 K for H⊥c shows a clear plateau between 3 and 5 T at about one third of the saturation magnetization M s ⊥ 1.5 µ B , when substracting the van Vleck contribution. The M s /3 plateau is a manifestation of an up-up-down (uud) bound state spin arrangement, which is predicted by the mean field theory [31] . Furthermore, the observation of the M s /3 plateau for H⊥c and the linear rise of the M (H) curves for H c are typical for an easyplane type of magnetic anisotropy. In contrast, the linear behaviour of M (H) for H c suggests that the threefold rotational symmetry is not broken by the applied field, rather a three-sublattice umbrella-like state emerges with the spins gradually canting out of the ab plane. Correspondingly, no plateau in M (H) was observed for H c.
To learn more about the field-induced effects, we have measured χ(T ) at higher fields for both H⊥c and H c [43] . Above 2 T, a kink in χ(T, H) was observed at low temperatures for H⊥c, which confirms the field-induced magnetic ordering in NaYbSe 2 above µ 0 H ⊥ ≈ 2 T. No such anomaly was observed for H c up to µ 0 H ≈ 7 T.
Specific heat studies C p (T ) data measured at different applied fields, clearly evidencing the field-induced magnetic transitions in both directions, are shown in Fig. 4 . The order manifests as a peak that evolves from the low-T regime upon applying the magnetic fields. An external field of 2 T in the ab plane leads to a magnetic transition at T N 0.5 K, whereas no such transition was observed for fields below 2 T. As shown in Fig. 4(a) , this field-induced magnetic transition shifts towards higher temperatures with increasing magnetic field, reaching a maximum transition temperature at 5 T for H ⊥ c. A further increase of field results in a smooth decrease of T N , which finally vanishes above µ 0 H ⊥ ≈ 9 T. Therefore, a pronounced reentrant behaviour of T N is observed which includes the uud phase for H⊥c. No field-induced ordering was observed in this field range (2 to 8 T) for H c, whereas a field-induced transition with T N 0.5 K appeared at µ 0 H ≈ 9 T. The ordering temperature T N (H) follows a similar trend, i. e. a systematic initial increase of T N up to 0.95 K at 16 T, and a shift towards lower temperatures with further increase of field up to µ 0 H = 21 T. As seen in Fig. 3(b) , C p (T ) below T N (at 5 T for H⊥c and 18 T for H c) follows a well defined T 3 behaviour, which could be assigned to the emergence of 3D magnons in a long-range ordered antiferromagnetic state.
NMR measurements
We used 23 Na NMR measurements to further probe the field-induced magnetic ordering [43] . At higher temperatures, well-resolved 23 Na NMR spectra are observed, consisting of a sharp central line and two satellites, as expected for a spin-3 2 nucleus [43] . Upon decreasing the temperature, the NMR spectra are monotonously broadening, and show an abrupt increase of inhomogeneous broadening below 1.1 K [43] . The sudden broadening of the NMR spectra below 1.1 K is due to the field-induced magnetic LRO in NaYbSe 2 , where the spectral width is originating from the static internal field distribution at the 23 Na sites. The NMR spin-lattice relaxation rate NMR 1/T 1 probes the low-energy excitations, which clearly evidences the field induced magnetic ordering at elevated fields. As seen in Fig. 5 , 1/T 1 measured for the fields in plane at µ 0 H ⊥ ≈ 5 T and for the fields out of plane at µ 0 H ≈ 16 T show a clear peak at around T N 1 K corresponding to the field-induced magnetic LRO in both field directions.
DISCUSSION
The eightfold degenerate j = 7/2 states of the Yb 3+ ions are split into four Kramer's doublets. The ground state doublet is well separated from the first excited doublet by an energy gap ∆/k B ≈ 160 ± 30 K. Therefore, the low-temperature properties can be well described by parameterizing the ground state with a pseudospin- symmetry allows for a NN exchange Hamiltonian, including the Zeeman coupling to the external field µ 0 H, of the general form
with
is the rotationally invariant exchange in the ab plane, and J z is the exchange component parallel to the c axis [43] . The symmetry-allowed directional-dependent parts are J ∆ = 1 2 (J x − J y ) and J yz , the latter describing the offdiagonal exchange coupling between spin components in the plane perpendicular to the bond direction R i − R j . We note that J ∆ and J yz are the energies for a |∆S| = 2 and |∆S| = 1 excitation, respectively, and we expect these to be small compared to J z and J ⊥ . We note that in NaYbSe 2 , the Yb ions reside on highly symmetric sites which precludes the antisymmetric (DzyaloshinskyMoriya) interaction for this compound [46] .
Low-field thermodynamics:
From the above spin Hamiltonian, the Curie-Weiss temperatures can be expressed as Θ ⊥ CW = −(3/2)J ⊥ /k B and Θ CW = −(3/2)J z /k B for the field in the ab plane and parallel to the c axis, respectively [33] . Our low temperature CW analysis (Θ ⊥ CW -7 K and Θ CW -3.5 ) yields J ⊥ /k B 4.7 K and J z /k B 2.33 K, which indicates a less anisotropic exchange compared to NaYbS 2 [39] .
It is worth noting that the presence of broad maxima in the susceptibility and specific heat is consistent with a quasi-two-dimensional scenario. For an isotropic S = 1/2 TLAF with exchange J, such a broad maximum of χ(T ) is expected at k B T χ max J [33] . Below 70 K, the overall behaviour of both χ ⊥ (T ) and χ (T ) could be well described by the following Padé approximation to the high-temperature series expansion given by [47] ,
. (4) The coefficients {b i } and {c i } are listed in Ref. [48] . As seen in Fig. 2(a) , the χ(T ) data below 70 K can be fitted well by Eq. (4). Above 70 K, a deviation was observed, which is expected due to the thermal population of the energetically higher CEF doublets. The obtained fitting parameters, g Moreover, the zero field C mag (T ) shows a superposition of two broad peaks at around 1.1 and 2.75 K [43] . This is rather unusual for a 2D nearest-neighbor TLAF, for which one would expect only a single maximum at k B T ≈ 0.55J 2D [47] . However, such double broad maxima in C p (T ) are predicted for two-dimensional (2D) triangular/Kagomé lattice antiferromagnets with a fully frustrated disordered ground state [49, 50] . A similar feature was experimentally observed in the recently reported 2D TLAF compound Ba 8 CoNb 6 O 24 [51, 52] . Recent numerical simulations based on an exponential tensor renormalization group method reveal two crossover temperature scales in C mag (T ) for a spin-1 2 TLAF, at T l /J 0.2 and T h /J 0.55 [53] . The anticipated positions of the maxima with J ⊥ 4.7 K closely match with our experimental data. The absolute values of the maxima are very sensitive to the degree of magnetic frustration. Broad maxima with C max mag 0.44 R and 0.35 R are expected for a non-frustrated square lattice and spin chain, respectively, where R is the gas constant [54, 55] . In case of a highly frustrated triangular-lattice, C max mag is expected to be much smaller (0.22 R) [47, 56] . Our value of C max mag 0.218 R matches well with the one expected for a TLAF [43] .
Field-induced magnetic order:
The exchange anisotropy, which is common for an effective spin-1 2 ground state doublet of Yb 3+ , is estimated as J z /J ⊥ 0.5 for NaYbSe 2 . In TLAFs with isotropic exchange as well as with an easy-plane anisotropy, the ground state is a 120
• coplanar state. In contrast, multiple ordered phases (low temperature 120
• state and an intermediate temperature collinear state) are predicted for an easy-axis type anisotropy [57] [58] [59] [60] [61] . NaYbSe 2 does not show any magnetic LRO at zero fields. Instead, we observed a gapless and strongly fluctuating state. Only towards higher applied fields, the magnetic order is induced and stabilized with increasing field strength. Recently, Z. Zhu et al. constructed a four-dimensional extension of the phase diagram for the anisotropic bond-dependent XXZ model with a next-NN coupling J 2 , which can host a spin liquid phase and is continuously connected to a spin-liquid phase of the isotropic J 1 -J 2 model [62] . Alternatively to the impact of next-NN couplings on the ground state, it should be noted that the off-diagonal terms in the bond exchange matrices can influence the ground state and yield strong zero-field fluctuations. So far, we do not have any estimate for these higher exchange terms. In the case of YbMgGaO 4 , these interactions are reported to be rather small [63] .
Figures 6(a) and 6(b) represent the H-T phase diagrams for both H ⊥ c and H c directions, respectively, constructed from the field dependent C p (T ) and temperature dependent M (H) measurements [43] . For H ⊥ c, we may assign different spin configurations: In the low-field regime (below 1 T), a highly fluctuating QSL-like phase with persistent gapless excitations was observed instead of the 120
• ordered phase expected for a TLAF with easyplane anisotropy. In region-(i), above approximately 1 T, an oblique 120
• spin structure (Y -coplanar) structure may be stabilized by the application of a moderate external field along the ab plane. Upon increasing the field, the transition from Y -coplanar to the collinear uud phase appears at about ≈3 T [region (ii)], which manifests as the M A magnetic field parallel to the c-axis does not break the threefold rotational symmetry of the crystal. Therefore, a single magnetically ordered umbrella-shaped threesublattice phase is induced, here at fields µ 0 H 9 T, substantially higher than the in-plane field. In concordance with this, the saturation field at low temperatures exceeds µ 0 H 21 T, where T N is still finite. Singlecrystal neutron diffraction measurements under external magnetic fields will be necessary to determine the magnetic structure in more detail.
The overall shape of the phase diagram is in good agreement with results from classical Monte-Carlo simulations [64] , apart from the low-field disordered regime. Similar H-T phase diagrams for H ⊥ c and H c are also reported for the effective spin- [65, 66] . In contrast to these, the field-induced magnetic transitions are highly anisotropic in NaYbSe 2 . Moreover, the H-T phase diagram contains both a QSL phase and a full range of ordered phases for a prototypical S = 1/2 TLAF, again different to Ba 3 CoSb 2 O 9 or any other TLAFs. In this sense, NaYbSe 2 provides a unique opportunity to study the low temperature properties of pseudospin S = 1/2 triangular-lattice antiferromagnets.
CONCLUSION
In conclusion, we have synthesized and investigated high quality single crystals of NaYbSe 2 , a Yb-based triangularlattice QSL candidate without any inherent disorder. The ground state doublet is well separated from the first excited state doublet, inducing a (pseudo)spin-1 2 ground state, as confirmed by ESR measurements and a low temperature entropy analysis. Zero-field measurements confirm the absence of magnetic LRO down to 50 mK, suggesting a gapless QSL ground state. Strong bond frustration introduces a melting of the predicted 120
• order at zero-fields. The QSL ground state is found to be unstable against applied magnetic fields. A clear Ms 3 magnetization plateau, associated with an up-up-down spin configuration, was observed for the H⊥c direction. The reentrant behaviour of T N , originating from the thermal and quantum spin fluctuations, is observed for both directions. The obtained H-T phase diagram is highly anisotropic and includes different quantum phases expected for a triangular-lattice antiferromagnet, which classifies NaYbSe 2 as a unique model system and opens up future theoretical and experimental studies.
